t has been shown that the humans living to a very old age have a genetic tendency toward moderate and balanced blood pressure (BP). 1,2 The Uygurs in Xinjiang are a naturally longevous population, surviving to a very old age without any medical treatment or services. There have been studies showing that the Uygur people do live to an older age than other people in the Xinjiang Uygur Autonomous Region of China, 3,4 but these reports have not provided information on the blood pressure (BP) variations, such as the day -night BP differences and the circadian rhythm, in the Uygur centenarians.
study as the mean of the 3 readings at intervals of 5 min by the Korotkoff cuff method. Subjects rested for 5 min in a seated position in the patient examination room of the local hospital before BP was measured. For this study, subjects were classified as having hypertension when systolic BP (SBP) was above 140 mmHg and/or diastolic BP (DBP) was above 90 mmHg.
The 24-h ABPM was carried out with the TM-2421 device (A&D Co Ltd, Tokyo, Japan) by the Korotkoff method. The monitor was programmed to obtain BP and PR measurements every 30 min, and its accuracy was determined against values obtained with a mercury sphygmomanometer by the Korotkoff cuff technique (ie, standard ambulatory cuff, mounted on the left arm; subjects were asked to hold the arm still and to keep it from moving during cuff deflation and during the actual measurement). BP and PR were recorded for 26 h because the data collected during the initial 2 h were discarded to avoid any novelty effect. Daytime BP was calculated between 05.00 and 20.30 h, excluding daytime naps. Nighttime BP was calculated between 23.00 and 04.00 h excluding periods of awakening during sleep. Abnormal TM-2421 values were excluded based on the following criteria: (1) SBP lower than 50 mmHg and/or DBP lower than 40 mmHg with no similar preceding or subsequent value; (2) SBP greater than 250 mmHg and/or DBP greater than 140 mmHg with no similar preceding or subsequent value; (3) SBP and/or DBP measuring skipped more than 2 h. Height and weight were measured with the subject in light clothing before the 24-h ABPM, and body mass index (BMI) was calculated.
Statistical Analysis
Data are expressed as means ± SD. All statistical calculations were performed with the Statistical Analysis System (SAS Institute Inc, Cary, NC, USA) computer program. Group comparisons were made by analysis of variance (ANOVA) followed by the multiple comparison tests. A p value <0.05 was considered statistically significant.
Results

Physiologic Characteristics
The subjects' physiologic characteristics are summarized in Table 1 . There were more men than women in all 3 groups. Body length (BL), body weight (BW) and BMI did not differ significantly between the groups. Temperature and humidity did not differ during testing of all subjects.
Office and Ambulatory BP, PR, and Prevalence of Hypertension
The office and 24-h ambulatory measurements are shown in Table 2 . Office and 24-h SBP and DBP values were higher in centenarian subjects than in longevous and elderly subjects. Office and mean 24-h PR values were similar between all groups. Daytime and nighttime SBP and DBP were higher in centenarians than in either longevous or elderly subjects (p<0.001). However, the daytime and nighttime SBP and DBP values were similar between the longevous and elderly subjects. Mean daytime SBP, DBP and PR were greater than the mean nighttime values in longevous and elderly subjects (p<0.001). However, in centenarians, SBP did not differ significantly between day and night. Hypertension occurred more frequently in the centenarians than in either longevous or elderly subjects (p<0.001). The ratio of hypertension was 39% in centenarians, 23% in longevous subjects and 16% in elderly subjects, by office measurement, respectively. The ratio of daytime hypertension was 15% in the elderly subjects, 14% in the longevous subjects, and 42% in the centenarians when mean daytime SBP was above 135 mmHg and/or mean daytime DBP was above 85 mmHg. The ratio of nighttime hypertension was 28% in the elderly subjects, 25% in the longevous subjects and 52% in the centenarians when mean nighttime SBP was above 125 mmHg and/or mean nighttime DBP was above 75 mmHg.
Day -Night Differences in BP and PR
The magnitude of day -night differences in DBP and PR did not differ significantly between the groups, as shown in Fig 1. However, the day -night difference in SBP was less in centenarians than in the other 2 groups. The day -night difference in SBP was also less in longevous subjects compared with the elderly subjects. The magnitude of the day -night differences of SBP increased in the elderly subjects compared with centenarians.
A dipper-type change (a decrease in nighttime BP when mean nighttime SBP was decreased more than 10% below the mean daytime SBP) was observed in 36% of the elderly subjects, 32% of the longevous subjects, and in 21% of the centenarians. The centenarians showed a higher nighttime BP and fewer dipper patterns than were observed in the other 2 groups.
Circadian Patterns
Two peaks, one in the morning and the other in the afternoon, and one dip during the night, as shown in Fig 2, characterized the circadian SBP in elderly subjects. In the longevous subjects, however, SBP demonstrated a 3 peaks variation during the day, the first and last peaks of which were similar to those observed in the elderly subjects, but with an additional peak at noon that differed significantly from the elderly subjects' pattern (p<0.001). In the centenarians, SBP showed multiple peaks, and the overall pattern tended to be flat (Fig 2) . There was no morning surge, and the SBP was greater significantly both day and night Fig 1. Day -night blood pressure (BP) differences in the 3 groups were calculated as mean daytime value -mean nighttime value. SBP, systolic blood pressure; DBP, diastolic blood pressure; PR, pulse rate; *p<0.05; **p<0.001, differences between groups. Comparison was analysis of variance (ANOVA) followed by the multiple comparison tests. Circadian variation in systolic blood pressure (per group), which was obtained every 30 min in each subject from 00.00 to 23.30h. *p<0.01, differences between centenarian and other groups, compared by GML procedure (SAS). compared with the other subjects. DBP variation was similar between the longevous and elderly subjects, characterized by a 2-peaks and 1-dip pattern. The circadian DBP pattern showed multiple peaks in the centenarians (Fig 3) . Circadian PR showed a similar pattern in all subjects (Fig 4) , although the PR in the centenarians rose more slowly in the morning than in the longevous and elderly subjects.
In summary, office and ambulatory BP, as well as the prevalence of hypertension, were higher in the centenarians than in either the longevous or elderly subjects. The magnitude of the day -night differences in SBP was smaller in centenarians and they had fewer dipper patterns. A pattern of multiple peaks in centenarians and 3-peaks in the longevous subjects characterized the circadian variation in BP.
Discussion
Centenarians and Hypertension
Many factors affect life span. The Uygurs in Xinjiang, China, are particularly long-lived; for example, in Hotan, one of the densely populated areas of Uygurs, the proportion of centenarians in the population is 18.9/100,000. 3 The number of men in our study was greater than the number of women, indicating that Uygur men are longer lived than the women, and the male/female ratio we obtained was consistent with that reported from a previous population study in Xinjiang. 4 Lifestyle is likely one factor that influences the life expectancy of the Uygurs. According to a previous investigation, a Uygur man has a high probability of marrying, has minimal mental stress, and engages in physical labor despite advancing age. The Uygur have a lower BMI and eat many more fruits and vegetables than other racial groups in Xinjiang.
The prevalence of hypertension in China differs according to ethnicity, but averages 13.58% in the general population and 32-49% in the elderly (age ≥65 years). 5, 6 In Xinjiang, the Uygur have been shown to have a lower prevalence of hypertension than the Han or Kazakh people, [7] [8] [9] and in the present study, the elderly Uygur subjects were less hypertensive compared with the general elderly Chinese population. The longevous Uygur subjects were also less hypertensive, so it seems that those who are less hypertensive have an advantage in terms of life expectancy.
The study of ABPM in relation to longevity has received comparatively little attention, although some studies have reported a drop in 24-h BP in women and a rise in men from the eighth to the ninth decade of life. 10, 11 In the present study, the office and 24-h BP levels did not change between the ages of 65 and 99 years, but increased, together with the incidence of hypertension, in the centenarians. It is well known that BP increases with advancing age and that hypertension threatens life expectancy and is related to cardiovascular morbidity and mortality. 12 Therefore, prevention of hypertension may play an important role in longevity.
Day -Night Differences
In the present study, the same day -night definition was used for all subjects and daytime naps and awake-time during sleep were not factored into the calculation of daynight BP differences, which were thus based on actual waking and sleeping times. It has been shown that a reduced day -night BP difference and increased daytime BP variability is associated with a high incidence of hypertensive cardiovascular disorders, 13 but it is unclear whether the reduced day -night BP difference is the cause or the consequence of the organ damage. There are various causes of a decrease in the difference between day-and night-time BP. One study showed that nocturnal falls in SBP decline with advancing age in the very elderly, especially females, mainly because of a higher nighttime BP. 14 In the present study, the day -night difference in SBP was less in the longevous subjects than in the elderly subjects, and was much less in the centenarians compared with the longevous subjects. However, the day -night differences in DBP and PR were similar between all groups. The magnitude of the day -night difference in SBP, rather than that in DBP or PR, may be associated with advancing age, and may decrease with advancing age, especially in centenarians.
Although BP rises during the daytime and falls at night in healthy individuals, there are many conditions in which BP does not show the usual nocturnal decrease. The familiar diurnal BP pattern includes a pre-awakening rise that occurs at relatively fixed heart rates and reducing this pressure rise is thought to reduce the incidence of stroke and myocardial infarctions that occurs in the early morning. 15 In the present study subjects, the centenarians showed fewer dipper patterns. No morning rise in BP was seen and they had a higher nighttime BP than the longevous or elderly subjects. The present study confirms a reduction in the fall in SBP, mainly because of a higher nighttime SBP with advancing age.
Circadian Rhythm
BP and PR demonstrated circadian rhythmicities, as shown by a nocturnal fall and a morning rise, in the longevous and elderly subjects, confirming that BP preserves its circadian rhythm despite very old age 1 and implying that humans can live to a very old age, depending on their BP status. The BP profile varied during the daytime, however, as shown by the 3-peaks pattern in the longevous subjects and the 2-peaks pattern in the elderly subjects. The elderly Uygur subjects demonstrated a 1-dip -2-peaks pattern of BP, which was similar to the general circadian pattern of BP. However, the new finding from this study is the 1-dip -3-peaks pattern in the longevous Uygurs and the flattened pattern in the centenarians. ABPM was conducted on all subjects in the same environment and according to the same schedule, and the activity recorder showed that there was no difference in the daily activities between the elderly and longevous subjects. Therefore the additional peak, which appears around noon in the longevous subjects, does not appear to be associated with their activity. The daytime SBP is a strong predictor of early carotid atherosclerosis, and a decrease in barocepter sensitivity would increase BP variability. [16] [17] [18] [19] Because the arterial baroreceptor reflex function declines with advancing age, the BP variation seen in the longevous Uygur subjects may be associated with atherosclerosis or other factors, an aspect that requires further study.
The loss of the circadian pattern of BP in the Uygur centenarians is related to activity, sleeping quality, arteriosclerosis and other factors. Most of the centenarians were drowsy during the day and had a lower level of activity, compared with the longevous or elderly subjects. Unfortunately we did not assess sleeping quality, but there was no difference in the disturbance of sleep related to the need to urinate during the night between the centenarians according to their ABPM diary notes. Another reason for the flattened pattern of circadian BP in centenarians may be the extent of arteriosclerosis, and the function of the central nervous system and the response to sympathetic stimulation may be also related.
We also found a diminished morning PR in the centenarians, although the time of awakening in the morning and the level of activity was similar among the groups. Blunting of the circadian rhythm of heart rate can express either a lower than normal ability of the heart rate to accelerate in response to sympathetic stimulation or a lower than normal ability of heart rate to decelerate in response to vagal stimulation, or both. 20 The diminished morning PR in centenarians may be an indicator of aging. These changes in nocturnal BP and morning PR have been associated with increased rate of cardiovascular disorders although the cause -effect relation remains unclear. Further studies are required to determine the risk of cardiovascular disease in centenarians and the vascular changes that occur with aging.
In conclusion, Uygur centenarians demonstrated high BP, especially during the night. The difference in daynight SBP declined at a very old age and may be an indicator of longevity. Circadian rhythms of BP may decrease with advancing age.
